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1. INTRODUCTION

The Aircraft Fatigue Data Analysis System (AFDAS) is desiqned
to provide a reliable, concise and cost effective method of monitoring
the condition of up to eight fatigue critical locations on an operating
aircraft structure. It represents a significant advance on existing in-
service fatigue monitoring systems because:

1. It uses a direct measure of loading environment -

strain.

2. It uses a method of load cycle counting that has
been found to be closely related to the fatigue
process - the range pair method 2-7.

3. Utilization of modern advances in microelectronics
has resulted in a small and reliable airborne
instrument.

4. The tabular form used for the storage of range
pair data allows a flexible and simple fatigue damage
calculation.

The four basic sub-systems of AFDAS are the:

1. Strain gauge transducers.

2. Strain range Pair Counter (SRPC).

3. Interrogator Display ane Readout Unit (IDRU).

4. Fatigue Damage Computer Program

and of these 1 to 3 are described in detail in Ref. 1. This description
will outline the fatigue damage estimation procedure i.e. sub-system 4.

2. THE STRAIN RANGE PAIR

Mhen a test srecimen is stressed by a load varying sinusoi-
dally in time the fatigue life that results is essentially independent
of the cyclic frequency. Consequently the fact that only a sequence of
load turnin points is required to define a load environment is the first
important consideration in estimating the service life of a particular
structure.

Secondly, most fatiue test data used for life estimation
have been obtained by cycling test specimens under constant ampliturle

loads and presenting the results as a plot of cycles to failure (N) against
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alternatinc stress (S), (hence the term S-N data). Thus, to conform
with this approach of a fatigue life defined by cycles the turning
points of a non-constant am'olituee sequence must be paired into cycles
relevant to both the fatigue process and to the S-N data available.

Many different cycle counting methods exist for this
purpose2 and of these the rainflow and range-pair (sometimes called
range-mean--pair) methods have been recognised as being the most useful
from a theoretical point of view, primarily because both identify load
cycles in terms of the stable cyclic stress-strain behaviour o-T the
material concerned.4 ,7 (i.e. they pair turning points into cycles which
relate to closed stress-strain hysteresis loops). The major difference
between the two methods is that the rainflow method counts in terms of
half cycles whereas the range pair method will reduce a load history to
a set of complete load cycles. (T7hen the rainflow method is constrained
to count in full cycles both methods produce identical results although
the range-pair method is inherently far simpler).

In the absence of end effectsl0 the range pair may be
defined as that pair of turning points which can be clearly identified
as a perturbation of a larger cycle. Referring to Fir-. 1 the cycle
x2,x3 is clearly a perturbation of the larger cycle xA,x1 and thus forms
a range pair. In mathematical terms this definition can be expressed
so:

if Ixl-x 2l>=Ix 3-x21,=k 3-x4 l then the cycle x2,x3 constitutes a range
pair.

By removing range pairs from the load sequence as they are
detected, closing the gap and repeating the test above, an entire
secuence of load turning points will be eventually reduced into a set
of range pairs as shovm in Fig. 2.

However, because the range pair method does not spuriously
ignore the presence of any turning point in the load 1history processed,
the number of range pairs generated from long load sequences, (in flight,
load sequences may be of an unknown and unlimited length) can be large
and an efficient means of recording this data is necessary. The range
pair table not only fulfils this need but also presents range pair data
in a format that is convenient for fatinue life calculations. The strain
range-pair table is simply a half array of cycle counts produced by
grouping the range pairs obtained from a load secuence into a number of
cells depending on the values of their troughs and peaks.

If the load experienced by a particular structural item is
known to lie always between the values Lmin and Lmax then dividing this

load range into NL levels of (Lmax-Lmi )/NLin.size provides a.simple
method of grouping range pairs. Consider Fig. 3 where the range pair of
load xl to x2 is shown. Because its trough lies in level I and its peak
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in level l+p it can be termed a range pair of level 1 to level !+p.
Consequently the cell in the range pair table of Fig. 4 which corres-
ponds to these level values would record a cycle count of 1. All the
range pairs in the load history whose trough and peak were likewise
in levels 1 and l+p respectively rould thus be represented in the
range pair table by a correspondingly large count in the same cell.
Similarly, all the other range pairs of the load history processed

would be grouped into their respective cells to complete the range
pair table. References 2 and 9 detail the characteristics of the range
pair table and some of its many uses in fatigue related areas. The
SRPC of AFDAS uses a 16 level division of load range as the basis of
its strain range pair grouping procedure. However, because jitter
(induced electronically or by low levels of aircraft vibration etc.)
within or about level boundaries would produce a large number of counts
not related to the actual load history the corresponding range pairs
of level 1 to level 1 and level 1 to level 1+1 are ignored i.e. the
two leading diagonals of its strain rance pair table are discarded.
One characteristics of the range pair table is that diagonals down
left to right as in Fig. 5 represent range pairs with the same alter-
nating load. Thus it can be seen that the two leading diagonals
represent those range pairs with the smallest alternating loads and
consequently those with the least contribution to the fatigue damage
of the monitored structure. Fig. 5 illustrates the strain range pair
table produced by the SRPC of AFDAS.

3. FATIGUE DAMAGE ESTIMATION

The problem of predicting the service life of aircraft
structures under fatigue loading with a high degree of accuracy has
existed for some time. Since the linear cumulative damage rule became
widely known thirty years ago8 its deficiencies have inspired many
modifications and alternative theories though it is still the most
generally used.

The hypothesis that a load cycle in a variable amplitude
loading sequence will cause the same damage to a structure as that due
to a cycle in a constant arplitude load sequence of the same load
level, forms the basis of the linear damage rule, e.g. if it has been
determined experimentally that a test specimen relevant to the structural
element under consideration lasts N cycles when subjected to a constant
amplitude load sequence of a certain mean and alternating load value,
then one cycle of the same mean and alternating load that occurc in the
operating environment of the part can be said to cause 1/N of the damage
necessary to cause its failure. Thus when the results of many such
constant amplitude tests are available (usually presented in the form of
S-N curves as previously mentioned, e.g. Fig. 6) the damage contribution

IL



of every range pair cycle can be determined and summed to give the total
damage sustained by the structure. This linear cumulative procedure is
usually expressed as;

D = E(ni/Ni) "here D = total damage value

(failure occuring
when D = 1, or 10 6 pf
when measured in microfails*)
ni = number of cycles at a
particular load range Mi = Si
Ni = average number of cycles to
cause failure at the i-th load
ran qe.

When the cycle information stored in the range pair table
is to be used in a fatigue calculation of this sort the mean and alter-
nating load equivalents of each cell in the table must be determined.
From Fig. 7 it can be seen that the n range pairs in the cell of level
1 to level l+p can be interpreted load-wise as n range pairs of load
i~in+(l-.5)Lsz to load Lmin+(I+p--.5)Lsz. (The inherent assumption that
the range pairs are distributed within the given levels such that their
mean load value can be taken to be the mean load value of the level has
been found to be a reasonable approximation provided the number of
levels used for the table is not too small9). Hence the mean and alter-
nating load values of the counts in the given cell can then be
determined from these trough and peak load values (called LI and I
respectively) as (Lj+Li)/2 and (Lj-Li)/2 to permit the determination of
N. The damage increment attributable to the given cell of the range
pair table is as before simply n/N. The same procedure is used to deter-
mine the damage value of every cell in the strain range pair table and
subsequently, by summation, the total damage estimate for the load
sequence it represents.

In the program listed in the Appendix if a ranqe of tabula-
ted S-N data is exceededthen linear extrapolation is resorted to.
Unless the range of tabulation exceeds that of the range-pair table or
the data is carefully close this can cause inconveniences.

* Since the damage values calculated for each flight load sequences

are usually very small fractions of one, it is convenient to multiply
them by 106 to obtain more manageable numbers, termed microfails.



"5-

As has already been mentioned range Pair table diagonals
down left to right represent sets of range pairs with the same alter--
nating load. Thus by plottin- the damage value sumned for each
diaqonal, against its alternating load a damage density histogram can
be obtained which will define the areas in the load environment causing

the most fatigue damage.

Since the measurement of. load used by the SRPC is strain,
and S-N data is usually presented in the form of stress versus fatigue
life, Young's Modulus (E) for the material of the structural element
being monitored is also required. Thus in summary Imin, IS, F and the
appropriate S-N data for each of the eight channels being ionitored
are required to process the output from the SRPC. rig. 8 illustrates
the procedure described above for the estimation of fatigue damage
from the strain range pair data of the SRPC using a linear cumulative
law.

A Fortran IV computer program used tc process the strain
range pair data from the SRPC is described in the appendix to demons.
trate one implementation of the simple damage estimation method
discussed.

4. CONCLUSION

A procedure for predicting the service life of aircraft
structures from strain range pair data obtained by the Strain Ranae
Pair Counter (SRPC) of the Aircraft Fatigue Data Analysis System (AFDAS)
has been described.

Based on a linear cumulative damage law the simple elegance

of the method (due in part to the tabular nature of SRPC data) allows
for a flexible implementation as a computer program.

Due to the small amount of range pair data and subsequent
processing involved, the logistic benefits of using AFDAS for fatigue
life monitoring purposes, must be considered substantial.

S.
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FIG. 4: A TYPICAL RANGE PAIR TABLE OF 16 LEVELS
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FIG. 8: LINEAR CUMULATIVE DAMAGE CALCULATION
USING STRAIN RANGE PAIR DATA
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When the data of the 14-level

6 . 9 half array format of AFDAS
is stored as a vector with the
cells numbered as shown, K
is calculated by
K = (J-3)(J-2)/2+l
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16 [J l "001,-1-

12 3 4 5 12 1314

FIG. 10: VECTOR MANIPULATION OF RANGE PAIR DATA



APPENDIX

A comouter program which implements the damage estimation
procedure described earlier is documented in the following pages to
allow this memo to serve as a user's manual and also as a reference
for any program modifications desired. The program designated
RPDAM (Range Pair Damage Analysis Method) is written in FORTPADT IV
for the Fio or F40 compiler of the Digital Equipment Corporation
DEC 10 computer system. It is considered however that the ideas,
techniques and in most cases the particular sections of code involved
are simple enough to be readily adapted for use on other computer
systems.

1. GENERAL PrZOGRAM DESCRIPTION

PJT)AM is a comparatively small program segmented into three
Modules whose functions are respectively data input, general program
management, the handling of S-Y information and data output. It is
designed to be run interactively from a computer terminal on a time
sharing system and provides the user with the option of processin
one or all of the strain channels monitored by the SRPC. Fig. 9
summarizes the program structure.

Program listings and sample runs are included at the ene of
this appendix and it is intended that they be consulted while reading
the stepwise descrintion of each program module that follows.

MODULE 1 (Input Data Program labelled DATAIN.F4)

1. The load data for each strain channel is read from a data
file (CHDATA.IN) as a set of vectors called CLMIN,CLSZE (representing
respectively LMIN,LSZ,E as before). The flags NSC and ISNF also read
from the file identify respectively whether the relevant channel is
used for monitoring strain and if so the set of S-N data to be used
in the damage analysis of its strain range pair data.

2. Existing damage data for each strain channel is read from a
data file. (This data file is the previous output file from RPDAN
appropriately renamed DAMOLD.IN). This is required to determine the
damage increment that has occured since range pair data for each
channel was last processed and also to enable the updated damage file
to be written in the event that not all the strain channels are
processed. Thus the old damage value DAMOLD, the date of the SRPC data
from which it was calculated, OLDTE, and the damage increment DAMINC
since the date INGDTE are read into vectors for this purpose. The
damage density data for all strain channels is similarly read from
DAMOLD. (Since there are 14 alternating stress levels for each of eight
channels the resulting vector is 112 units in length).
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3. Range Pair Data is read from a data file (RPDATA.IN) only
as it is required for each channel. (The contents of the SRPC memory
are read onto a cassette tape by the IPDU and subsequently transferred

by cassette reader to the data base of the computer system on which
RPDAM is run). The range pair data for each channel is, when required,
stored by the program as a vector of integer numbers, IRP, 105 units
in length. (A 14 x 14 half array is comprised of 105 cells).

MODULE 2 (Core Program labelled RPDAf.F4)

1. Load and existing fatigue damage data is accessed via COMMON
statements from the input program DATAIN.F4 (MODULE 1) as described
above.

2. Flags enabling the program user to select output to the
terminal, and single or complete channel processing are set.

3. Range pair data for the requested channel is accessed via
a COMMON statement from DATAIN.

4. The procedure of Fig. 8 is implemented. Remembering that
the range pair table from the SRPC is a 16 level table truncated to
14 levels as shown in Fig. 5, the program processes each cell of the
current channel range pair table as defined by its peak level J (3-16)
and by its trough level I (1-14). When the range pair table is stored
in vector form as shown in Fig. 10 the equation that relates vector
number K to the cell in the table defined by I and J is

K=((J-3)*(J-2))/2 + I

The damage increment of each cell in the table is determined by
accessing the relevant S-i data of MODULE 3 using the mean and alter-
nating stress equivalents of the cell. The damage contribution of the
cell to the respective damage density stress level is also determined.
When all the requested strain channels have been processed control is
passed to MODULE 4 to write the updated damage file. When this is
completed execution of the program ends.

MODULE 3 (SN Data Program labelled DAMAGE.F4)

This routine contains all the S-N data relevant to each of
the eight possible structural locations monitored by the SRPC. The
flag ISF, read from CHDATA by DATAIN defines the set of S-N data to
be used for the current channel.
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2. The mean and alternating stress equivalents of each cell in
the range pair table beinq currently processed by RPDAM is used to
determine from the required S-N data the cycles to failure (N) of one
equivalent cycle. The damage value of this cycle (106/N is the damage
in microfails for the one cvcle) returned to RPDDAM and when multiplied
by the number of range pair counts in the given cell gives the damage
increment attributable to that cell.

3. The option exists for using S-N data that exists in either
analytical or tabular form. When tabular S-N data is to be used the
subroutines INTEPI,INTEP2 are used to interpolate between the data
values to obtain N for the required mean and alternating stress. The
interpolation method used is a form of Aitkens's Lagrangian methodI0

the order of interpolation can be selected. Tabulated S-N1 data is
contained in files designated TABL1.IN.. .TABLy.IN, where y takes the
value of ISF. (e.g. if ISF=I,TABLI.IV is the data file read by INTEPl).

MODULE 4 (Data Output Program, labelled DAI4OUT.F4)

1. The damage results for each channel are output to the user's
terminal if this option has been requested.

2. The damage :-'ults for each channel are used to update the
damage data read from DA!1OLD by DATAIN. The damage output file
DAMNEW.OUT containing the updated total damage values represented by
the strain range pair table, the damage increment since last processing
(i.e. since DAMOLD was obtained) and the damage density histograns
for each channel are then written to disk. Prograr control then
returns to RPDAM and execution ends.

2. PROGRAM OPERATION

A. INPUT DATA

The input data required by the program for the particular SRPC
installation concerned is generated as follows:

(i) Strain range pair data contained in RPDATA.IN is
obtained as previously mentioned by reading the magnetic tape cassette
containing the memory contents of the SRPC. The file consists of
eight separate sets of strain range pair data identified by aircraft
number, date and channel number, and formatted as vectors whose elements
number 1,2,....105 across the page - the element numbers correspond to
that shown in Fig. 10 for representing a range Pair table as a vector.
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(ii) The load data (L~ia,L9,E) and strain and SN flags
(NSC,ISNF) required to determine the load equivalents of the elements
in each range pair table of strain, and subsequently the SN data to
be used in the damage analysis, is contained in the file CHDATA.IN.
This information is summarized in tabular form as shown in the example
at the end of this appendix. The remainder of the file contains
specific details about the input paraneter to each channel of the
SRPC (i.e. the nature of the transducer used, its location and any
other information deemed necessary).

(iii) Old damage data required to determine the damage incre-
ment incurred since the last processing is simply the data output
file of that run, DAMNEW.OUT renamed DAMOLD.IN The formatting and
structure is thus the same as that for DAMNEW.OUT. (When the program
is first run the DAMOLD used is a generated copy containina null
values).

(iv) SN data to be used for each set of strain range pair
data is identified by the flag ISNF in the data file CHDATA, and
specified in DAMAGE.F4 if analytical in nature, or if in tabular form,
in the data files TABLl.IN... TAL;Ly.IN where y takes the value of ISNF
for the relevant channel as mentioned.

The analytical SN data is expressed in DAMAGE, as shown in
the sample listing, to determine in microfails the damage equivalent
of one strain range pair cycle defined by the mean and alternating
stress values SN and SA respectively.

The tabular SN data is formatted in TABLy.11 in terms of
alternating stress against mean stress and the logarithm to base 10
of cycles to failure. The first two lines of the file specify the
number of columns and rows cf alternating stress, and the order of
interpolation to be 1-;ed for mean and alternating stress respectively.
(These values should be greater than 1 and less than the number of
rows and columns of alternating stress respectively). Subsecuent
rows contain the actual SN data formatted as shown below:

Mean Loqarithmic mean life (base 10)
Stress
MPa 3.0 3.3 9.7 ... 6.7

0 510.1 423.8 376.7 137.3

100 502.3 408.1

150 Alternating Stresses (MPa)

200

300 (see Fig. 6;
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The SN data contained in the table should encompass all the possible
mean and alternating stress values to be found in a given table (these
can be determined from Lmin,LS,E and the maximum alternating and mean
strain values possible in the table- E*(15*LS) and E*(Lmin+14 .5*LS).
If not, the interpolation programs INTEP1 and INTEP2 will use the
minimum mean and alternating values provided and extrapolate linearly
from the maximum values provided. Further the number of tabular points
used should be maximized. Up to 20 points per mean stress curve are
available and this capability should be utilized whenever possible.
(The program INTEST.F4 is provided to drive INTEPl and INTEP2 and test
a given table for interpolation accuracy).

B. PROGRAM EXECUTION

Execution of the programs described will be computer system
dependant, although generally similar to that for the DEC system 10
in the following:

1. Since, for a specific SRPC installation the source files
RPDAM.F4,DATAIN.F4,DAAGE.F4,DAMOUT.F4, and INTEPI.F4,INTEP2.F4
(if required) do not change it is advantageous to link and subsequently
run them as a single object program (called RPDAMI.EXE, a saved core
image).

2. The data files (CHDATA.IN,RPDATA.IN,DAMOLD.F4,TABL1.IN,....
TABLy.IN) relevant to both the SRPC concerned and to the particular run
involved (i.e. the correct RPDATA and DAMOLD files) are located on a
retrievable storage device, (usually magnetic disk).

3. The object program RPDAM is run with the program user
supplying yes,no (Y/N) answers to program prompts. Program execution
will continue until all requested strain channels are processed.
(Damage results in the same format as that used for the output file
may be written to the program users terminal as they are obtained).
The output data file is subsequently written (if requested) to the
specified retrievable storage device (usually disk).

The execution of the program is demonstrated in the sample
runs at the end of this appendix.

C. OUTPUT DATA

The damage data generated by RPDAM is presented in the output
file DAMNEI.OUT. The load data (Lmin,LS,E), SN data flag ISNF, total
damage value, damage increment since last processing and the damage
density histogram for each strain channel are included according to the
format specified by DAMOUT and demonstrated in the sample output in the
next section. (If only selected strain channels have been processed
the damage data for the other channels will be unchanged from DAMOLD).

~III



JctiLISTINGS FOJLLOW.

RPDAI1.F4
2. DATAIN.F4

3.DAMA1 GE.F
4. Di'd'1(Jr.174
5. INTEPI F4

. INTEP2.F4
7.INTEST.'r4



U MODULE 2 -- CORE PROGRAM RFDA.F4

PURPOSE:
C FATIGUE DAMAGE ESTIMATION FROM STRAIN

RANGE PAIR DATA OF THE AIRCRAFT FATIGUE
f" DATA ANALYSIS SYSTEM.(AFDAS)

OTHER PROGRAMS REQUIRED:
I.DATAIN.F4 -DATA IPUT ROUTINE(MODULE 1)
2.DAMAGE.F4 -SN DATA ROUTINE (MODULE 3)
3.INEP!.F4.
4.INTEP2.F4.

C 5.DAMOUT.F4 -DATA OUTPUT ROUTINE.-,ODULE 4)

DATA FILES REQUIRED:
C l.CXDATA.IN -LOAD PARAMETER FILE
S2.rDATA.IN -RANGE .AIR DATA FILE(FROM SRP'C)

3.DAMOLD.IN -PREVIOUS OUTPUT FILE
4.T.BLEY.IN -TABULATED SN DATA FILE

(v TAKES THE VALUE OF ISNF)

G ,UTPUT FILE PRODUCED:
I.DAMEU.UT -UPDATED DAMAGE DATA

MAIN VARIABLES:
C l.CLMIN --BOTTOM LEVEL LOAD VALUE (I.E LMIN)

2.CLSZ -LOAD LEVEL SIZE (I.E LSZ)
. lAMINC-DAMAE INCREMENT SINCE LAST

PROSING OF CHANNEl
4...,,--E~U.DAMAGE VALUE FOR C 'ANNEL
5.DAMOL-OLD DAMAGE VALUE AT L113T

PROCESSING FOR CHANNEL
,. DIALL -DANA5E DENSITY VALUES FOR

ALL CANNELS
7 .E -YUiUNG S 1'13. D Il US

.+~ ~ 1.5" " 1Y, , , " TR AINl R AIN GL- ,P ",. n
-' *.~ JEIL1- U .. .. I " SN L ~i.I.

9.ISNF -FLA G IND[N:TIFYING CN ATA TOI,

-r A, -FL T. T, .Lr , !N

REFERENCE: ARL TECHX MEMO 297
* T.,N ';'6/77. R.C.FRASER. GRUP 27 STRUCTU...

DIVISION ARL.

C:+/,A..L ).(G)CLZ() .NSC(9, .ISNF(3).SDD(S
u + I DT 16 :.DAMNEW(8).DAMOLD:8).NEW; ,2 '' RN % 2)

'r •DrA • , , C,(,8)

[Il ,A L L 2 i A) .. ..... IN .1NC DT E 16)
1O; MMN/C, I,,P (: 5)



"l-'!T DATA
,C AI. IAA N GC,

ACCEPT 600,STl]

TrE 1230
ACEPT 500.UPDF

ACCEPT 600,ANSI
TYPE 1300
IFANS .- "N''C0 2TO

-Pu,15 FfL~ ALL CHANNELS REQUESTED

5070(10 r 30)SC I
, CFl,. H,' SINGLE CHANNELS RL'D

Y?.. 700
-CEPI *00:
,' ( ..T. 1.OR.CH.GT.8)GUT0 20

GunTO(30)NSC(!CH)
C; . L, n

ALL :'ATA1TN4( ° r'4

A L . . . ...

7; , 7 7 = :, :j
ALSz LS!( L.

:'r'gg E E.Y CELL F .T I...L-ft. ".1 AOF ";" : '.

N2?44 Pt: if. I u. 3TIRi
N T 4 .1!- -

.. ..... :'" .i- i ",.

H: .... H:; G-+ h C T AI Ir 1

7C T

hEM A RD-l, RLSULTS

OA 7J-7,2 .... .:j

LI I f(,-- , r +' . AJl

I -,AJT.D f', :t RE" RESULT



4D --P A L 0

DDIT)=O.C

-0 CONTINUE
IF(STO.E. "Y')GOTO '0
M, ' k iCALL. DAI1OuTCICH3 .

J. CONTINUE
IF(ANSI.EQ."Y" )GOTO 10
TYPE 1000
ACCEPT 600.AN32
I AN2.E.'Y)GTO 20

0 i F(wNI;F.El."N" )GOTO 80
CALL AMCUT( 0

80 C nM NT AV (2.,'

IV FORMAT DAMAGE FOR ALL STRAIN CHANNELS REO"'D? (Y,"N): .
6r F, ,, T(2ASJ

SC ORMA " L.HANNEL NO=? ".)
Se,0O FORMIAT~i3

,, MAT( .-NL .<5". ,UT UED FOR STRAIN')
UR MAT( ANOE CHA4EL? (N): ".r

i. . A MAT P'R OUTPUT? (YIN): ",)

;300 F- AT(/'/) I

- -A



C

C MODULE 1 -- DATA INPUT PROGRAM DATAIN.F4

C PURPOSE:
C DATA INPUT TO RPDAM FROM FILES CHDATA.IN
C RPDATA.IN AND DAMOLD.IN.
C

C USE:
DATAIN IS ACCESSED ONCE TO OBTAIN THE

C LOAD AND OLD DAMAGE DATA FOR ALL CHANNELS,
AND THEN AS REQUIRED TO OBTAIN THE STRAIN

C RANGE PAIR DATA FOR A SPECIFIC CHANNEL.

C COMMENTS:
INPUT FILE SPECIFICATION IS FOR THE

C DEC-SYSTEM 10 (DIGITAL CORP.)

SUBROUTINE DAfAIN(ICH)
COMMON/A/CLMIN(B),E(8),CLSZ(B),NSC(8),ISNF(8),SDD(8)
COMMON/B/OLDTE(16),DAMNEW(B),DAMOLD(B),NEUDTE(2),AIRNO(2),
DDALL(112),DAMINC(8),INCDTE(16)

COIMMON/C/IRP( 105)
DIMENSION WD(2),TEMP(14)
..T..... ICo+l

C READ RP DATA
PEi;UN[T=I.FILE=RPDATA.IN" .ACCESS="SEQIN "°)

T EMP =7" TlCH--
2NCODEC6,"SO,WD)ITEMP

E TURN
READ CHANNEL DATA

t0 CONTZ7 UE
0 AN(''iT=1,FILE='cHDATA.IN,ACCESS='SEJIN )
READ(I,620)
DO 20 1=1,8

20 CONTINUE

LO UNIT= 1
READ OLD. D1Ai u,,F DATA

0P''U.NIT=.FILE=DAMOLD.IN',ACCESS'SEOIN')0it~ . . 0. ' rL

L) 50 1=1,8rcf.... . .. ...30

READ(1.11O0,END=50)
G0TO 50



J R EAID(l,?,CO,ENO=50)OLDE(2*I-1),OLDTE(2I),lAOLDlI)
READ(1,900)INCDTE(2*I-1),INCDTE(2*),DAM.INCUl)
READ(1 .1400)TEMP
DO 40 J=1,14

DDALL(NO)=TEMiP(J)
40 CONTINUE

READ(1 ,200,END=50)
50 CONTINUE

CLOSE(UNIT=I)
c PICK OFF CASSETTE DATE

OPEN(UNIT=1,FILE='Rr.DATA.IN'.ACCE'S='SEOINW)
READ(i ,500)AIRNO,NEWL-TE
CLOSE(CUN'iT=I
RETURN

500 FORflAT(2(1i7X,2iA5,/fl
600 FORIHAT(2515)
620 FORMAT(15(/))
61#0 FORMiAT' ;:3, " V))
"vv FORMAT(7(I))

100 FORMiAflb3)
900 FORMAT('17X .2A5 .2X. F 0.21)
?100 FORHAT(13(i))
200 FORMAT(Zk/).13X,14F7.1)

END



~C

Cs****:#**** *4 ~ ****** :#**** **#*****
L

M NODULE 3 --SN DATA PROGRAM DAMAGE.F4

C PURPOSE:
0 HANDLING OF SN DATA FOR THE CALCULATION
UOF FATIGUE DAMAGE FOR RANGE PAIR CYCLES

C
C USE:

DAMAGE.F4 IS ACCESSED FOR EVERY CELL IN
c THE STRAIN RANGE PAIR TABLE BEING
C CONSIDERED, TO DETERMINE THE DAMAGE
C EQUIVALENT OF ONE CYCLE FOR THAT CELL.
C
C COMMENTS:
C THE SN DATA EXISTS IN TWO FORMS-
U 1. ANALYTICAL FORM USED DIRECTLY
C 2.TABULAR FORM FROM WHICH DATA
C IS OBTAINED USING AN INTERPOLATION

PROCEDURE.-PROGRAMS INTEP.F4,INTEP2.F4

FUNCTION DAMAGE(ISF,SM,SA.IFLAG)

GOTO(100,200,300)ISF-i

ISF=l:
C JUSTS'S SN DATA FOR

AL STRUCTURES BASED ON
HANGARTNER S VERSION OF

ESDU DATA SHEET E0201
VAI- AI,A2,A3,A4.A-/I.76 8,3.7447,1.82607,

IF SM.LT.C.O)SM=O.O
TEM.=ALOG(O.45 3......
T F'il=A4-A-FTEP
TE?!N=-ALCGIO(TEMP1)

7.!ENUM=A3-ALOC(O.14 O 38*A)
DI E N U /iE 1. C.......r( - n ?84,rIV..-l n n

CYCLE=Al+A2tDIV
'AM,, r I .E6,'!O.O:::,:CYCLE
RE T URN

ISF=2:
cHEYWOOD"S SN DATA FOR AL

BOLTED JOINTS-BEST JOINT
CURVE

DATA B!,B/2.23E3,2.23/I >)r' iF SA.LT.2.23 /O.i45038)3A.3
CYCLE=B1/(O.14BO3/0A-rI2*3A ',2) 1 *
1AMAGE=I.E6/Y''c



ISF=3:
SAE 4340 SN DATA FOR
BOLTED JOINTS

DATA C-I,C-2.C3,C4,'C-,C6/39.23,0.2303,0.2?7,
*0.862, 2.11908,2.4 1513/

200 IF(SM.LT.0.0)SN=0.0
DENVN=SA-C1 -SM/?.0
IF(DENUM.LT.2'.O)ffENUfl-2.0
DENGM =SM /"980.0
DENGM=C2+C63*DENOM+C4* DENOM*DENOI
DENVM=C5-ALOGiO(DENUM)
CYCULE=C 6 + E NVN/DEN GM
IF (CYCLE.GT.'10.0)CYCLEz!^Q.G
DAIAGE1 .E6/10.O**CYCLE
RETURN

TABULATEr SN DATA FOR
r6oAC STEEL. K'1=4.0.
%,yACC.HI SPAR)

-ah v CUITINUE

CALL INTEP1(SM,Si,ISF,IFLr'-0,CYCULE)
lD'ANAGE='..E6i'10.0**CYCLE
RE TV RNI

L 14D



t' MODULE 4 --DATA OUTPUT Pn'GGRAM DAMOUT.F4

PURPOE DAT A OUTPUT TO TERMINAL IF

c IF REQUIRED, AND SUJBSEQUENT
C UPDATE OF DAMAGE FILE DAMNZU.OLT

USE:
C DAMiOUT.F4 IS ACTIVATED FROM RPDAM

t-*P -*~f f.. 4- **'*:4 4.***** 44***$****

,SUBROUTINE DAMQUT(ICH)
COMMON'A/CLMlINt(8),E(8) ,CLSZ-(8),NSC(8),ISONF(8) ,SDD(8)

OOMfON'/BIOLDTE(i6),DAMNEL4(0),DAMDLD(8).NEWDTE(2),AIRNO(
2)9.

'f" L 11 D4T1 I INC " E

l E a10 N~ I 1 D DB',1

OUTPUT TO ITY

ITPE 300,AIRN0f.NErWDJEj

"O2C.OLl'TE(:ii 4 L GLDTE 2*ICH) .DAMItv'l,'CH)

L Elj .' FL GA TC(J+ /2. O*sDDC IICH)
il. =DDALLi 14* ICti -1) !J)

r,,,2.IrN C. Ora Tr

!.IT .E (2 3 0 0 A I N 0 ,;W

WpiTE(2,5Oo; £

G073 '70

R-jTE( 21.700)OLDTE (2:ilEji) ,LDTE'%2*I DtMOLD( I

T0t"."O',N'WE.DW4Ew DAiLrK

So V" .0 0L D'TE I~ -. LTECT TDi ICl i



flu 60 J=',14
DDS(J)=FL CATtJ 1)12.04OSD(I)
DD(J)=DDALL(14*(I-1)+J)

60 CONTINUE
WRITE(2.900)DDS
LIRITE(2. OO0)DD

13 CONTINUE

RETURN
C

200 FORMAT(I, ° DAMAGE DATA FOR .)
300 FORMAT(" AIRCRAFT NUMBER .2A5 ,/,

DATE ,2A5)
400 FORMAT(4(/))
SO0 FORMAT(' CHANNEL ",13)
600 FORMAT(" BOTTOM LEVEL = ,F8.2, (MICROSTRAIN)'./,

* LEVEL SIZE =",F3 .2,' "" ,
YOUNG""S M0DULUS,= EIO.4,' (MEGAPASCAL)"./,
SN DATA USED FLAGGED BY ISNF=",I3)

700 FORMAT(" TOTAL DAMAGE TO ",2A5, = ,F4O.2,
0C~( (MICROFAILS)')

CPHIT(' DAMAGE SINCE ,2A5," =',FIO.2,

FORMAT( DAMAGE DENSITY IS. ..TOGRAM:.,/,
ALTERNATING',/,

:k: STRESS (MPA)',14F8.I)
10CO FORMAT(. DAMAGE (MF 1 ,I4FO./8/ )

i100 FORMAT("' NOT A STRAIN CHANNEL_12(/))
C "



.....L c3 -- INTER"C.ATDN PROGRAM INTEPI.F4

PURPOSE.
INTERPOLATTON BETWEEN VALUES
OF N IN TABULAR FORM FOR

"'RED .. AN AND ALT STRESS.

OUTHER PROGRAMS REGUIRED:
.. NT E P2-. F4

DATA r r. Z7 !... n:

I.TABLv - TABULATED SN DATA
2..v TAKES THE VALUE OF ISNF)
2 (MAX TABLE SIZE = 1OR*20C)

S.... I POLATICON BETWEEN VALUES

:N TABLE IS PERFORMED USING
A TT'EN S L,R-NIA METHOD.
(REF AETN.F.S '"NUMERICAL
METHODS THAT ,OR, HARPER
SPOIJ 970;

2.T~W' U2-D SF..,TERPOLATION
FOR BOTH THE MEAN AND ALT STRESS
VALUES IS S ,PECIFIED IN THE DATA
FlLz-. TA-. IN

,.TPBLL A E DATA SHOULD INCLUDE

AL; T P:-Mr , AND ALT STnRE S ,

US.r,.: MAX MEAN AND ALT
'':T;; . ... N: i, N AND AL

TA. •";D. USED wiSH INPUT "^ALUES
--" ER.

., 1: A J; ,4.. ;k4YCLE). :r:. f

T CINE NT 1  I F "I .IL...CYCLE)
L - aO3N ?l D2; S " 2 'StM" 3-N.( 2 1O .A2)

eLr- i. A

TII E =WD. A.

-22 T iE--.CCS::SEII<



DO 20 I=1 ,NOR

SMIN=AINI (SmIN,SlI(I))
SMAX=AMAX1 (SMAX,S1N( ))

20 CONTINUE
C6LOSE(UNIT1 )

c CHECK FOR.MEAN OUT OF BOUNDS
30 CONTINUE

IF(FM.LT.SMIN)GOTO 50
IF(FII.Lc'.SMAX)GOTO 60
DO 40 J=1,NOC
A(J)=SA(NOR,J)4(FM-St(NOR))*(SA(NOR,J)SA(NOR-1,J))

*/(SI(NOR)-SM(NOR-1))

40 CONTINUE
GOTO 80

C
50 FM=SMIN
C INTERPOLATE BETWEEN MEANS
60 C C i#T I N UE

Iva 80 J=I,N0C
DO 70 I~l,NtJR
r% I)=SA(IJ)

70 CONTINUE
A(J)=FUNC(FM.SM,F.NOR.NO1 )

80 CONTINUE
C CHECK FOR ALT OUT OF BOUNDS

IF(F'A.LT.A(NOCflOOTO 90
IF(FA.LE.A(1))GOTO 100

RETURN

90 F"AANOC)
INTERPOLATE BETWEEN NEW ALTS

100 CYCLE=FUNC(FA,A,SN,NO0C,N024)

500 FORMAT(2G)
603 F0J1AT(21G)
700 FOR!MATUTABL",I1,.TN')

END



C
C
C * * *** * ** * ** *** *:* ** ** * $4: * * 4* 44* *** * ** * 44* * * * *** **:c* *4* * * ** * 4 *

* C

C NODULE 3 -- INTERPOLATION PROGRAM INTEP2.F4

*PURPOSE:

C INTERPOLATION BETWEEN VALUES OF
UA VECTOR USING AITKEN'S METHOD.

COMMENTS:
C ORDER OF INTERP FOR BOTH MEAN
C AND ALT VALUES CAN BE SPECIFIED.

(SPECIFIED ON DATA FILE TABLy. IN)
C INTEPI SUPPLIES TWO DATA VECTORS
C TO INTEP2: A,XAR WHERE A = f(XAR),
C AND A VALUE X FOR WHICH f(X)
C IS REQUIRED.

FUNCTION FUCX,-,XxAR. A,IIAX.NO 1)
DINENSION XD(0,'20),F(0/20),A(20).XAR(20)

DATA IMIN.ARG/I,I.E-21/
C CHECN ENOUGH DATA FOR ORDER
C SPECIFIED

I F (IM AX_-I T" ., NO1) NOi =IMAX -I MIN
NO2-ND1 /2

IF(X.LT.XAR(1)GOTO 20

DO 10 I=IMIN,IMAX-1
IF(X.LE.XAR(I+1))GOTO 40

10 CONTINUE
l=IMAX
GOTO 40

20 DO 30 i=ININ,IMAX--l
IF X.GE.XAR(I+1),GaO 40

3L CONTINUE

IX~II; S 1 X - 0~ 2
iF(TS.LT. IMIN)I=IMIN
I;ISNI.T.IAX SIMAX-NO1

DQ J) j=0.NOi

50 F;.:,AJ+I3a)
CALCULATE DI.'FERENCES AND FUNCTIONAL

C VALUES AROUND X

D 0 60 J=0NOI-
1ONS=(F(J+I)-F(J))tXD(J)/(XD(J)-XD(J+K))
F C (CO,4) . LT. ARG) . .. "NS+I

60 F(J):F(J)*CONS

IF(KONS.GE.NOI-K)GOTO 8060 CONTINUE



80 IA=IX-IS-K/2

TiF( IA. LT .0)IA=0
FUNC=F( IA)
IF(ABS(FUNC).GTr.i .0E15)FLJNQ-0.0
RETURN
END



T V T F .

C TO DRIVE INTEP!.F4 AND INTEP2.F4 FOR
TESTING OF INTERPOLATION ACCURACY

ON TABULAR SN DATA CONTAINED IN
DATA FILE TABLY.IN.

T HE ACCURACY OF ANY INTERPOLATIl

METHOD DEPENDS ,EAVILY ON THE
NUMBER OF DATA POINTS PROVIDED.UP

C T , 20 DATA POINTS PER MEAN STRESS
CURVE IS PROVIDED FOR
I.... -" AND T." CAPABILITY SHOULD
BE UTILIZED WHERE POSSIBLE.
H ,- ,'R IT I IJISE TO ALWAYS CHECK THE
EFFECT OF THE AMOUNT OF DATA PROVIDED
AND THE ORDE . iNTERPOLATION FOR MEAN

A .r ALT STRESS USED. BY USING THIS
R. -- L41TH I NTE I.F4 AND
NTEP.I.F4 GN ThE DATA FILE TABLV.IN

.L A L .r

c . .",..

E 40 ..0 ,A Ff F

C..-; ''T' T'~l

-" A C:''" .2./ .. i9..

4UC FC.,AT FOR MSA="2F!1.4," N:"'I ./, x

5C: " ,J'AT " V1 ,
I,. M



"N~~~ I- .

I1. CHqDArA. IN

4. 'fAAd14.IN



A A OR T AAAAAXXXXX
BOTTJtI LEVEL (LMIN) AND LE'VELL SIZE
?'LSZ)' VALUES IN MICRO STRAIN (MS)

Y0UN6"S MODULUS IN MECUAPASCAL(MPA)
THE FLAO ISNF SPECIFIES THE SNDAT;A SET TO
BE USED FOR EACH STRAIN CHANNEL.

SUMMARY:

4N NL STRAIN L M!1N CLSZ E I SNF
I 1 -500.0 135.00 1?0.OOEJ '
-41 t~.% 5.J... 170 000E3 1

3 -3.0V
-200 250.00 '170.00E3 3

-soo0 ;35.0O 720. 00E3
2 - 11K 2 21.0 120.00E1'3 2

00,. C 50.0 1270.00E3 4

A -N! -c MUNTED ON CENTRE SECTION
Lu0 EP 7cZNSION SPAR AT STATIUN' 352' ONE

hAlSUCE nuro1ELf Di PFAR CAF
A~T--ZIN -VVVCr

.. r.P VI JLiJ tnhLU

HA1NE L 4
QTRIn' e l GAUE M UTIN lN ?fl, WtA"N

7- A '

mI
>RIO L DUT uE X



FILE RPDATA.IN

*^:N L 0 Cs 0 0 0 C 0 0 365420 0 0 72 62 1906 0 0 14 95

30 73 44 425 161 3i 0 0 44 97 422 145 65 44 79 17 66 72 181

" C 8 1 43 56 7 1 23 9 5 6 3 2 2? 18 8 2 0 16 0

S0 o o 0 0 0 0 0 1 0 0 0 0 ) C 0 3

0 52 o 0 0 3L5420 0 0 0 72 962 1906 0 0 14 75

3 ' 484 425 161 121 0 0 38 7 422 145 65 44 99 0 0 48 92 101
0 58 43 56 7 1 1 0 5 6 0 2 35 18 a 2 0 0 0

. C 0 0 0 0 0 0 C 0 2 0 0

2 A 0 0 1 0 0 1 f 2 0 0 A A

0 0 0

.:E~~~ ~~ 0 ;L; 07 8 2 6 3 0 o 7 2 4 54 0 89 3

5 36 i Z 3 : 5 3 56 3 50 0 0 !2 72 962 572,06

F4 4' 0 '4 -3 a 4 
A5 

6 4 7

1 3 2 2 0 1 1 0 0 0 2 0 0 O 0 3 0 0
0 ,? 3 0 £ 0 0 0 0 0 Cs 0 0 0 C 0 0 0 0 3 0

0 0 3 0 0 0 0 0 0 0 2 4 0 0 2

,D 05 0 0 365420 0 0 2 7296236 0 .4
30 =. .- 72. 03 4 42 : 321 0 0 28 07 422 :45 oS 44 7 0 3? 48 72 1 , 1.1 0 0 14

0 52 , 0 0 3 50 3 0 2 2 6 2 0 0 0 0

A...;..', 0" 3 0 0 72 ? 9 .0 4 4

3= 434 42 5 161 ' 0 9 2 4 "; 9 O 4,

2 " 3 0"2 .2 3 0 520 O2 C2 2 c1 3 3 .2 2

.5 1 A ] 5 6 r? C 0 0 0 0 0 'S

13 -5 O j 3 3 484 425 161 32 1 33 ?7 2 14 6- 4 ?
_e " 0 0 l0 0 0 0 0 ( 24 3 A

0 0 -2 365420.

'3I9 1 4 0 1 2 5 6 3 AV9 13 i

IV,. .2 3 3 4 0 A A 9 0 2. A

0 0 V 0 0 0 0 2 0 0 '



DAMOLD. IN

DAMAGE DATA FOR
AIRCRAFT NUMBER AAAAAXXXXX
DATE 00/00100

CHANNEL 1
BOTTOM LEVEL 0.00 (MICROSTRAIN)
LEVEL SIZE 0.00
YOUN 'S MGDULUS= 0.OOE+O0 (MEGAPASCAL
SN DATA USED FLAGGED BY ISNF= 0
TOTAL DAMAGE TO 00/0100 = 0.00 (MIZROFAILS)
DAMAGE SINCE 00/00/00 = 0.00
DAMAGE DENSITY HISTOGRAM:
ALTERNATING
:TRESS (MPA) 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DAMAGE WF) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

CHANEL 2

BOTTOM LEVEL 0.00 (MICROSTRAIN)
LEVEL 32ZZ 0.00
iOUNG'S MODULUS

= 
O.OOE+00 (MEGAPASCAL

GA DATA USED FLAGOED BY ZSNF= 0
TTAL DAmAGE TO 00/00/00 = 0.00 (MICROFAILS)
DAMAGE 3INGE 00/O/0 = 0.00
Z:AMAGE DENSITY HISTOGRAM;
ALTERNATING
STRESS MFA) 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DAMAZE (WF) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

CHANNEL 3
3&TTLM LEJEL 0.0 (MICROSTR~iN
LEVEL SIZE 0.00

2 4:3 5 1.hGULUS= 0.GOEI0O (MEGAFASCAL
DN IATA USED FLAGGED BY ISNF= 0

TOTAL DAMAGE T0 O/00,0 = 0.'00 (MICROFAILS)
[.AMAGE :INCE 0.,00/00 7 0.00 "

DAMAGE DENSITY )ISTGRAM:

ST,\:: CM/A) 3.2 0.0 o.3 0.0 0.0 0.0 0.0 O.0 0.0 0.0 0.0 C.0 0.0 0.1
MA;)AGE Mfl 0.0 1.0 0.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0

LATOM LEVE u.00 (NICROSTRAli'
LEVUL SIZL 0.00
00; & 2 L'LUS' 0.00E+00 (NEGAPASCAL
IN DATA USED -LAGGED BY ISNF= 0
TOTAL DAMAY'E TO 0/01C/00 z 0.00 (MICROFAILS)
DAMAGE SINCE 00/00/00 = C.10
ZATAIC DE';,ITY HISTOGRAM:
ALIERN4ATING

510122 ;NA: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DAMAGE (MF) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

I



CrIANNEL 5
B3TTOM LEVEL 0.00 (MICROSTRAIN)
LEVEL SIZE 0.00
,Y Ud'S MODULUS= 0.OOEtO0 (MEGAPASCAL
SN DATA USED FLAGGED BY ISNF= 0
TOTAL LAMAGE TO 03/00/00 z 0.00 IMICROFAILS)
DAtAGE SINCE 00/00/00 = 0.00
DAMAGE DENSITY HISTOGRAM:
ALTERNAT;NG
STRESS (MPA) 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

DAMAGE (MFl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 C.0

Lr.ANNEL 6
.TT~n LEVEL z 0.00 (MICROSTRAIIN)

LEVEL SIZE 0.00
UNG'S MODULUS: 0.OOE+CO iMEGAPASCAL

Lh DATA USED FLAGGED BY ISNF= 0
TOTAL DA3A-E TO 03/00/00 = 0.00 0NICROFAILS)
EAMAGE SIRCE 00/00o0 = 0.00
DAMAGE DENSITY HISTOGRAM:
A:LTERN A TIN
STESS , A) 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 C.5 0.0 0.0
AhASZ F) 1.0 .v 0.0 0.0 0.0 0.0 0.0 0.0 .c 0.0 0.0 0.0 0.0 0.0

LnNEL 7
DUTTOM LEVEL 0.0O (MICROSTRAIN)

Y0., ",DULUSz O.OOE+00 .MEGAPASLAL
* A3 ZE SY SNF= £

4.TA, 'AMA5Z TO 0/0O0/'10 0.00 (MICROFAILS)
DAYAGZ SINCE 00/i0i3 0 .00
4 rLtAA :25:T: :;0s;SGRAM:
AL TERINATC

STRESS MPA v.0 0.0 0.0 0.O 0.0 0.0 0.0 0.0 0.0 O.c 0.0 0.0 0. 0.0

DAMAGE (M) 0.0 0.0 3.3 0.0 0.c 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

-.. 4 $SO OSRAIN)
0.00

73 22L.>S ~ ,,Z3EAPAS:AL

SN rT , .LAoGzD BY lNr: 0
TT4L DAMArE TO 00/00/30 = 0.02 (KICRCFAILS)
DA.,Al :dL V Nc 0 0.00 f
DAnAGE rNSITY HISTOGRAM:
ALTERNA FNo
STRESS (MpAo 0.0 0.0 0.0 0.0 0.0 3.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

LAMAGE l, 0 . .. C.0 3.o 0.0 0.0 0.0 C.0 0.0 0.0 0.0 0.0 0.0

I

I



-." I-U C rE .. 7'R SM, SA
3. 3. 4.0 4.3 4.7 5.0 5.3 5.7 6.0 6

3. 40 .71d 3. .146.2 a.-
. ,:Q. . 423.3 37 .7 43. 4 278.6 241.3 2.5.8 71.7 54.5 146.2 37.3

O.,0 3 .5 . 8.! 35 .1 323.7 259.0 223.7 2 0.1 1Z .? 144.7 135.9 ;27.5

J.;.- - . 3 "4.4 3C4.1 240.3 206.0 185.4 147.2 132.4 125.6 117.7
-. , .- i. 24.6 8 3

-. 7 32.8 234.5 22-,
' 

8V.3 6?.? 130.4 24.6 117.7 112.8

36 .03 470.? 3i.3 30 .1 i.i J' i.1 171.7 134.0 125.6 !15.3 111.8 107.9

II!I



*.A;4,LAI AN.r4.bAMEF4.Di.NUT.F4i4\lI i4,IN.'4P
2 .F

4

TfRAN: LAMAGE.F4

R AF.: 1£AMOUT.t4

"TAN:ZrZ.

,AI: NO_

.itDAfl UK OxE

cnALi %:, .lL ST A2 THANNELS REQ' 117 (N Y

- ( R IRS T rJI. rOLLO4S.



LAA~JE PAT, 730
A:;,Aii ,M8ER AAAAAXXXXX

[,kT i;01 '76

JnMANNEL
v02 C EL'L -500.00 MIICRU$TRAIrt;
EVLL .j1E 135.00
t ftODJLU> .iC32+c. (MEGA'ASCAL1
ZN L.AA SED FLAGGED BY iSNr= 1
TCTAL LA AGE TO 01/01/72 70309.86 (MICROFAILS)

:A0AE S1~ N/00/00 ?0307.S6
)A6AGE DESS3Y i;ST3GRAM;

--.LjS A: 23.0 Z4.4 45.9 37.4 60.7 80.3 91.8 103.3 114.8 126.2 137.7 149.2 160.6 172.i
rAMAGz,: OF) 1310.1 1740.8 4013.5 5951.0 7437.9 9317.2 9446.0 8570.5 9251.4 61 21.9 1391.5 1974.1 730.5 505.8

Cj PiNIEL 2

-L3:TC, LEVEL -450.00 tMICROSTRA:N,

yCU NO S 112/U 1700E+06 (MEGAPASCAL)
S:N /AA 332 FLAGGED BY ISNF= I
TOTAL PAMAGE TO 01o!, = 12064.33 (MICR0FAILS)
A:,A n JCc 0 0/00/00 = 129064.3.

A . . 1.0 63.9 .6.5 89.3 102.0 114.0 127.5 40.3 153.0 165.8 178.5 191.3

LAM;GE (IF) Z36.3 3815.8 8:74.4 11517.1 17648.2 17783.1 17!81.7 13540.7 15327.7 07C0.7 4917.0 2061.9 1249.5 1680.6

CA S lil

?223 Z J;,K7 7C,- (MEGAPSTNi;L

A, TA JJL- .-A 3GZ 6 ', 07 SNF - 3

AL ~ 72'51.57 NICUFA0LS'

' 2.1 ,L. 0.0 106.3 127.5 148.8 170.0 191.3 21 .5 233.8 25.0 276.3 297.5 718.8
'.4 3.2 42.0 7i.2 2770.1 4988.4 5245.4 4718.8 5830.9 4375.0 207S.7 872.5 52C.A 7

"
2.7

I

Ii



CHANNEL 5
NOT A STRAIN CHANNEL

CHANNEL 6
BOTTOM LEVEL z -500.00 (MICROSTRAIN)
ZVLL SIZE = 135.00 "

YOONS'S NODULUb = 
.1700E+06 (MEGAPASCAL)

3N DATA USED rLAGGED BY ISNF
= 

2
TOTAL DAMAGE TO 0110178 = 43353.96 (MICROFAILS)
DAMAGE SINCE 00/00/00 = 43353.?6
LAMAGE &ENSITY HISTOBRAM:
ALTERNAT NO
STRESS :MPAi 23.n j4.4 45.7 57.4 68.? 80.3 91.8 103.3 114.8 126.2 137.? j49.2 160.6 172.1
DAMAGE iMF) 2059.6 2767.7 4079.5 5663.5 6858.6 5621.1 4793.2 3824.0 3592.6 1975.2 506.4 530.1 178.6 133.9

CH.ANEL
T010 LEZVL =-1500.00 (NICR&STRAIN)

LEVEL SIZE = 200.00
YZ..N 3 i.DjLUS= .;20JOEsO0 (MEGAPASCAL)

O DTA USED FLAGGEL BY ISNF= 2
TOTAL DAMAGE TI "/G01178 = 47265.63 (MiCROFAILS)

-A A3E S CtZ O/00/03 = 47265.68
DAnAOE DENSITY .;IST&SRAh:

TS7 mzpA) 24.0 36.0 48.3 6C.0 72.0 84.0 96.0 108.0 120.0 132.0 144.0 156.0 168. 100.0
LAIA.E (F) 2670.2 3188.6 5430.9 6208.3 7473.4 6275.2 5169.5 3592.9 3519.1 2128.8 839.8 334.6 177.1 229.3

NHArW aL

TG 3. L =-100l0.00 MICROSTRAIN;
-0.00

.(EGAPA SUAL)
JEEP F-3GED BY INF= 4

DA.IJ T3 1;..- 13354.38 , ".uo

;AYAUE SiNCE 36/0<103 1 fl54. 3

A...l , -2.5 63.8 65.0 i6.3 127.5 148.8 170.0 191.3 212.0 233.3 2,5.0 276.3 297.5 318.8
SA AGL 1)1; 2092.2 393.5 242.0 149.0 624.5 1683.0 1395.8 1314.7 2062.4 1855.2 758.3 .u5.7 177.4 303.2

I

t



A. , oit . nec 4 ; to be cenenbe'ed that the program
.3l i sta: ad the input and output f~ies

.... .:N.DJLD.2.":. A .. N.DAMNE4.ouT are SRPC
* La;.atLan de&,vde,;t i.d., for the last three also run
Jeuenflnt. n lece o, accouiitiA sastem must be used to
kee, L -ac of them. ithis is left to the discretion of

ie i.t

RP[,;A. 7,Ii 4; tr ,; *UO t a.. ur'jated veciaofl of that
ised or ,ialy. Hence DAMII i ,the renaned output
file f . the previous rut;.

5 .,.g4;,am RFDA.F4 ... iNTEP?2.F4 ;;ave been oined
a;et:,er &~s a sin.ql ;os';n called RPDAII.if4 which has

beer toDil d and subsequeatly luaied.The core image
,iult C . has been saved ad it 15 thiLs a version
WFi.Ih is csed in the foliawinq sanule ua.

,;AmAE rZ,, ALL TSA! .7..NNELZ L " YTh' L i

CU TlME: 3.39 ELAPSED

i;-,i ,',, )a-, IranL t ie :4"T,;LAA.L,) ,, n.n' , -n o,,ut~il~

rtm1 fol01o.,:

LmL4



/0I/.8

o 0 0 0 0 0 62 0 0 0 76 6220 0 0 2 72 92 1906 0 0 14 95
32" 39: ;4 G 4S 73 6?5 425 254 J21 0 0 56 97 486 145 65 44 99 0 17 66 72 181

3 6 23 0 51 43 56 7 1 23 9 5 0 3 2 45 26 15 2 0 16 c
2 9 7 4 C 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0
0 0

o 0 0 0 0 0 71 0 0 0 62 6420 0 0 8 83 962 1906 0 0 14 ?5
!.7 651 0 C 5B 83 484 632 161 321 0 0 53 97 422 268 65 44 99 0 0 48 92 181

4- 9 2 0 1 50 43 74 7 1 0 5 6 C 12 35 35 '70 2 0 0 0
5 5 6 16 1 0 C 0 0 0 0 3 0 0 0 0 0 0 0

L AE v 0 2

2 R a 0 2 0 0 1 7 0 0 0 2 0 0 1 0 3 o 0 0 a 0 1

$4 0 0 0 0 1 i 0 0 C 0 0 0 0 a 0 0 0
00 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 11 12 1 0 0 1 2 1
C 0 0 .3 8

- 0 0 3 0 094 0 26 5 7? 7682 0 0 66 7 962 106 0 0 14 70
7 Z 9 SS " S3 734 420 12 3 21 C 0 18 97 422 145 6f 44 ?9 0 C 8 '21S;

, 22 2 1 50 42 56 37 i 1 0 5 0 2 35 18 a 2 5 0 0
2 4 u 1 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 G 0 0

0 0 0 i 0 0 0 0 2 0 0 0 4 0 0 0 0 0 i
0 O 0 0 0 4 0 0 " 0 0

,0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 6 , 0 v ^ 0 0 0 0 0 0 0 0 0 0 0 0 24 S 1 0 0

o 0 0

7 3 4 8 0 0 8 58 5720 0 0 9798 96 2906 0 0 75 70
373 484 42 " 161 321 0 0 44 77 422 i45 6- 44 T7 0 17 " 72 52

'2 le c 9 51 43 54 2 3 9 6 3 2 29 Is 8 2 0 !6 0
2 3 2 4 6 1 0 0 0 0 0 0 0 0 0 0 v 0 0 0 0 o

0 2 0 02 0 0 0 36 5420 0 0 2 5 1156 2666 0 0 0 95
03 Z~

e  
$ 0 20 '2 43. 420 o. 321 0 0 38 37 422 140 00 44 09 0 0 42 92 12

22 7? 63 07 7 6 1 0 0 3 0 8228 8 2 0 0
7 .73 1 C C 0 0 0 u 0 0 0 2 0 0 0 0 0 0

0 0 0 0 53 0 0 7 39 5428 3 8 2 981 4206 0 0 14 95
S "7 004 422 21 521 0 C 35 98 446 235 60 44 £? 0 0 40 7201
C . 58 43 56 37 i 1 0 5 6 0 2 35 10 8 2 5 0 0

2 4 '0 0 C 0 0 0 0 0 0 0 2 0 c 0 0 0 0 0 0



A;;~;NUIARL AAAI'A&XAXX

,t.Ai, tE . 1
:2.:n l_,Ut. SC-O0.vC; UMICRS,'RAtN 1

-5, = .1700E06 (piE-W[ ASCAL)
S 2IA OLACQ.D 3Y ISNFr 1
TOTiL tAMASO TO 021'01,-'73 04... 32 tMICROFAIL3S

t 2.:0/B =13713.46

S3 .. 34.. 5.7 ( .4 68.1 80.3 91.8 103.3 114.0 126.2 A3.2 49.2 22. 2.
". rA3 y 476.4 2268.5 45C5.0 7914.7 11602.1 9590.2 9881.0 9257.2 10289.1 9374.2 2,27.3 3405.6 231.5 15!

:,, :Z L 2

t'P LFV2 L -453 0 thICR0STRAIN)

5~ N' TA ' E: LA : r. IS)F ',

...............2 ... '.. . '6.5 39.3 102. C ,4.3 127.0 40.3 ,3., 165.S 23.5 Pv.

040A . F 3o(, .3 ,069.0 10723.1 :42'53.0 17879.7 1 80..0.5 20,105.0 42791.9 7 187.4 1070. ;ocS.0 30c2.9 3127.7 2.

;,,.:3. ,S T"A ) ?:

'ii -- : ': .:;

- i -.::- .PC : ' ;Sr;:4u-" 01-.

.0 -Z:... 9 ,5 : 4

'/,. '5 .. 3 N27.5 50. "0.) 91.2 212.5 23., 2.0 54 7 C.3 297.5 2.2
;3:. - . .. 4i.5 1"33.3 280'0.2 5066.. 5245.4 47:3.25:37.: ",';7.. L~~.' o'7.P;';nr: 2

i

I



ZiAUCL S1ANE

: '-AN ?E
:0 ... . " - o O .MICRO3STRAINd)

T A MAE 10 z 13 (ICROAIL-

raijas D:N31Si FISTOGRAM:

A12 A 3

STRESS ,MOO A) :3.0 14.4 45.7 9"7.4 62.,9 80.3 '?1.8 103.3 114.2 1 2(. 2 537.7 ' 49.2 160.6 ,".,

S7772.6 571.. 7596.4 56212 4793.2 3824.0 3592.o 1975.2 506.4 530.1 ''.6 I,.'

30TT] U LhE . -- :500.00) 9ICR{OSTRA:NL

::ES 10 0'./73 2 .630

,4 48 .0 0 7...0 14.0 96.0 10.0 2.8 132. 144.C 150. )68.O 1.3.2
427. 6 47. 623 6544.1 615 .0 522.2 43,13.7 5417.- 2 35.4 " 7.7 667.2 .,. 3 2..

':, ".A;.:.TG 1/!'7) = 3558.56 ( Cr0 '0AIL3)
: , _ . . ;.E mi,'l/75 203.60

3. "; ;'A 4 .2 63.8 9]5." O .3 :27.5 140,.2 8 70.8C I71.3 2:2.5 23.2 8 .< 5 .,17,, 29.'.2 52.2
Z~ S:'r 2''.: 413.6 245.4 132.2. 654.1 "57.9 23721.6 3314.7 2062 .4 3055.2 758.3 301. , 4 .b.

I

I -.



"4iE R~N

J~it,4 ii. ia,,L;iut lata as rur, tie Previous (din
s.~ dCI..~N r,.~suie C-~tained when usta.g the

.1:NEW 'AMA31G: ILU'ctN) N
vAIAlA 72kLL ST;OA,Ni CHANNELS NEGWO? (VUI). Nq

flLNAAAAAXXXXX

Z6 L. C

I u .N i - 30.S3 0 (iMi-GCAPZS C LIU

,, DA 74 274.r Y a22 76W i -

..AtAg. .E . ,,..u1Q7(I,,. 1134

.2M3 .rPAI 232 4.4 45.1 57.4 64.?7 00.3 ?i.S' 103.3 :14.8 126.2 :37.7 147.2 16C.6 17.
~~ i' .4 266.3 45,05.0 7914.7 *.:604.- )?078. 75. 08.1 9374.2 2137.3 3465.3 3. 2.

* ai. L&S .~-S tQC0 lCGASCAL)

in. .. ~ 3 35.0 10L.3 127 .5 40.3 72. 17 1. 3 .2'.3 2 33.68 5 Y?.G 276.3 -1?.5 31.
41. 243.4 13N.2 654.;i 16597.3 37 .6 1314.7 2062 .4 1 633.2 zs9.: 0.' 7.4 22



lmqw- -XMRMl"

L .,.h a L i afr the L.0

fyt (9 L TO~ ~;rd N
~i~t;,Lhi LArAA K.LE 'N:y

i rA G'F0 ALL illTRAIN YrAN.NELS REWD? ("/N,

7, 4 C .0

0 o:flc"0STRAIN)

1-QL ;OOE+06 (IESAPASCAL)

'IS 34023.32 (flICRL>AILS)

Z74.4 41.17 7.4 6.7 80.3 91.8 103.1, 14.32 6. 77,.. -"

* -) 14;6.i :2i8.5 45050 M '4.7 :iv7 9'0 .24' ?Uo .3 913,C

T-rL



.nAhAGZ DATA FOR
AIRCRAFl NUMBER AAAAAXXXXX

CHANNEL
9OTTM LEVEL -500.00 (MICROSTRAINI
LEVEL SIZE = 235.00
YCLNG S MODJLLS: .1700E+06 (8EGAPASAL)
SN DATA USED FLAGGED BY ISNF- 1
TwTAL DAMAGE TO 02/01/78 = 84023.32 (MICRO/AILSI
bANAGE SINCE 01/./78 = 13713.46
;ARAGE DENSITY HISTOGRAN:
ALTERNATING
STRESL MPA) 23.3 34.4 45.9 57.4 68.9 80.3 91.8 103.3 114.8 126.2 137.7 149.2 160.6 172.1
7nRA3E AF; 1476.4 2268.5 4505.0 7914.7 11602.1 9590.2 9881.0 ?257.2 10287.1 7374.2 2137.3 3485.3 730.5 1511.3

WAISEL 2
%rTT0I LEVEL = -450.00 (MICROSTRAIN)
LEVEL 11L8 = 150.00
ULE MODULUS= .1700E+06 (MEGAPASCAL)
DATA USED FLAGGED DY ISN: 1

T6TAL DNC T 0:11;,7,5,, = 12?064.33 :l. C'FAILS)
,AnA&C SI;.- 00/C01O = 129064.38

AbA [ GZ; 110 10 ST12AM;

A T: NAT INT
385 1 A 25.Z 38.3 51.0 63.8 76.5 89.3 102.0 114.8 127.5 14C.3 153.5 65.2 122.5 91.3

L GAGE tfF) 3386.0 3815.8 8174.4 :517. :7648.2 17733.1 17181.7 13540.7 15327.7 10780.7 4917.0 2061.9 1249.5 1:30.6

I AA:, 4

r LEVEL = 20O.0 IICROSTRAIN)

LECEL SIZE = 2Z0.00

GUN3 S MOLUaU= .15o5E+0 (nESAlASCALI
:, A-TA COED FLGGED BY i2NF= 3

T:TA'L DAAb TV 0<,01/73 32955.59 (IICROFAILS)
=±AGAE SINCE 3/,/ = 32955.59

OACE LENSITY HIST36RAM.
ALTERNATNG
o lvlNA. ' - '.3 25.1 106.3 121.5 148.8 170.0 191.3 212.5 233.8 25.E 276.Z . 297.5 31.2
2W!AGE ;7: 6.' 2.1 42.0 773.2 2770.. 4988.4 5245.4 4713.8 5830.? 4375.0 292.7' 872.3 520.0 712.7
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